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/PURPOSE: To improve the resistivity against uneven wear, chipping and moisture 
of the entitled tyre which has a tread pattern including blocks by forming 
a closed sipe at each of the blocks. 
CONSTITUTION: liuernal and external double closed sipe 4 and 5 are formed 
by valcanization, laser shaping and so forth on each of a train of blocks 3 
which are placed at the middle part and the opposed parts of a typcr in the 
direction of the width thereof, whereby defining smaH blocks 6 and 7 having 
demanded surface area on the internal side of the blocks and defining other 
small blocks 8 on the external side of the closed sipe 5 by the sipe 5. One 
closed si].*.- 10 is formed in each of the blocks 9 in the other block row, whereby 
dividing the block 9 into internal and external small blocks 11 and 12. By such 
constitution, the resistivity against wear, chipping and moisture may be im- 
proved. 
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/I 1 

Specification 

1 . Title of the invention 
Pneumatic Tire for Heavy Load 

2 . Claim 

A pneumatic tire for a heavy load, characterized by the 
fact that in a pneumatic tire for a heavy load having a tread 
pattern containing blocks, closed Saiph [transliteration; 
possibly siphons] are installed in the above-mentioned blocks. 

3 . Detailed explanation of the invention 
(Industrial application field) 

The present invention pertains to a pneumatic tire for a 
heavy load having a tread pattern including blocks. In 
particular, the present invention pertains to a pneumatic radial 
tire that sufficiently improves the bias friction resistance and 
the chipping resistance while maintaining . .the _we_tting resistance 
and the "wear resistance." " 

1 Numbers in the margin indicate pagination in the foreign 
text . 
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(Prior art) 

Since there is a wet resistant, that is, tracking 
performance on a wet road surface as one of the main functions 
of tires, various kinds of treads in which the design of the 
tires is considered along with securing of such a performance 
have been proposed. 

Figures 4 (a) and (b) show its one example, and any of the 
tires shown here have a block type tread pattern. Also, in 
Figures 5(a) and (b) , several linear siphons S which completely 
laterally cross blocks are formed in each block B in the tread 
pattern shown in Figures 4 (a) and (b) , so that the wear 
resistance is improved along with a further improvement of the 
wet resistance. 

(Problems to be solved by the invention) 

On the other hand, as shown in Figure 5, in case each block 
Bs is divided into small blocks Bs by the linear siphon S, a 
large deformation is. caused in the direction opposite to the 
rotating direction of the tire, and kicking-out parts K receive 
a friction larger than that of the other parts by the road 
surface. Thus,, a bias., wear .called, a heel_and_ toe_ was generated 
in ~ the kicking- but"" parts~~R7" ""and" a~Targe "step difference* as" shown 
by a height 1 in Figure 5 (C) was generated between the edge part 
of the kicking-out parts K and the edge part of the step-in /2 
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part. Also, since each small block Bs being divided by the 
linear siphon S had different shapes and volumes, each rigidity 
of them was nonuniform, and the amount of wear of each small 
block Bs was also nonuniform. 

Furthermore, in the tires having a tread pattern as shown 
in Figure 5, a tearing-off phenomenon of the small blocks Bs 
called a chipping was very easily generated by a rapid start and 
a rapid brake of vehicles, mounting of a chain on the tires, 
etc . 

The present invention favorably solves these problems of 
the prior art and provides a pneumatic tire for a heavy load in 
which the bias wear resistance and the chipping resistance, the 
wet resistance and the wear resistance, which have an antinomic 
relation, can be made compatible. 
(Means to solve the problems) 

The present invention is a pneumatic tire for a heavy load 
having a tread pattern including blocks. In particular, in the 
pneumatic radial tire, closed siphons are installed in the 
above-mentioned blocks. 

Here, the . closed siphon jue.an _a. siphoning_shape for 
enclosing small b^ and consists "of \ 

only linear fine grooves or only curved fine grooves or both of 
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them. Furthermore, a discontinuous part consisting slight 
linear fine grooves or curved fine grooves may also exist in it 
(Operation) 

According to this tire, the intrinsic function being 
exerted by the siphon, that is, the wet resistance and the wear 
resistance can be sufficiently exerted, and in particular, 
compared with the case where several linear siphons are 
installed, the siphons are closed, so that the amount being 
deformed in the direction opposite to the rotating direction of 
the tire is sufficiently decreased in the kicking-out part of 
each small block. Thereby, the amount of wear due to the heel 
and tow can be extremely reduced. 

In other words, as shown in Figure 5, in each small blocks 
Bs being divided by the siphons S which have an angle of 
intersection close to 90° to a tire equator and completely 
laterally cross the blocks B, the rigidity of the small blocks 
Bs to the force in the rotating direction of the tire and its 
opposite direction is decreased, and the deformation in the 
direction opposite to the rotating direction of the tire cannot 
be effectively constrained... Qn. the contrary ,_„.in_the_. small- 
blocks being enclosed' by Jthe closed siphons^" X^^5®.-?n^\^9?5i5Z 
is raised and the deformation of the kicking-out part is 
sufficiently effectively hindered, the friction of the road 
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surface .of the kicking-out part, furthermore, the amount of bias 
wear cannot be sufficiently leveled. 

Also, according to the closed siphons, since the rigidity 
of each small block can be easily nearly equal, the amount of 
wear of each small block is not likely to be nonuniform. 

In addition, the closed siphons are completely connected so 
that no free terminal of the siphons may exist, and the fine 
groove parts for forming them are not opened in the side 
surfaces of the blocks. Since each small block being divided by 
the closed siphons has an appropriate rigidity and a high tear 
strength and opening of the siphons is limited, the generation 
of chipping can be sufficiently prevented. Also, in the fine 
groove part extending mainly in the peripheral direction, the 
above-mentioned effects can be expected, even by giving a slight 
discontinuity. 
(Application examples) 

Next, the present invention is explained based on examples 
shown in the figures. 

Figure 1 is a tread pattern diagram showing an application 
example of the present invention. In the figure, in a block 
type tresad pat te rn in ~w hich " five l3T6c"k""col"umns a re~~~ forme~d~" by 
main grooves 1 extending in the equator direction of the tire 
and lateral grooves 2 extending in the direction intersecting 
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with these main grooves 1. In each block 3 of the block columns 
positioning in the central part and both ends in the width 
direction of the tire, inner and outer double closed siphons 4 
and 5 are formed by vulcanizing mold, laser processing, 
siphoning machine, etc., so. that small blocks 6 and 7 with a 
necessary surface area are respectively divided, and other small 
blocks 8 are divided at its outside by he outer closed siphon 5, 
Then, one closed siphon 10 is formed in each block 9 of the 
other block column, and the block 9 is divided into two inner 
and outer small blocks 11 and 12, /3 

Also, in this example, the inner closed siphon 4 formed in 
the block 3 of the block columns of both ends is rectangular, 
and the outer closed siphon 5 is pentagonal. Then, the inner 
closed siphon 4 formed in the block of the block column of the 
central part is pentagonal, and the outer closed siphon 5 is 
hexagonal. The shape of these closed siphons 4 and 5 and the 
shape of the closed siphon 10 can be appropriately changed with 
the relation with the surface of the small blocks being divided 
and others. 

In this tread pattern,.. th_e_wj^ 
5, "arid rO""is^re f er aFIy "0T3-'3T0~ mm". In case each block siphon " 
is formed by blades Installed in the vulcanizing mold of Jthe. . "~ J 
tire, if the blade thickness is less than 0.3 mm, a necessary 
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blade strength cannot be obtained. On the other hand, if the 
siphon width is more than 3.0 mm, when the small blocks are 
deformed, a mutual contact of both side walls of the siphons 
cannot be caused, and the siphon functions cannot be effectively 
exerted. In addition, bias wear and- chipping was very easily 
generated . 

Figure 2(a) is a graph showing the relationship between the 
siphon width and the amount of bias wear due to the heel and 
toe, assuming the tire with a siphon width of 0.3 mm as index 
100, and the amount of bias wear is increased with the decrease 
of the index. According to this graph, it is understood that 
the amount of bias wear can be suppressed sufficiently low in 
the range where the siphon side walls can contact with each 
other, that is, in a range up to 0.3 mm when the blocks are 
grounded. 

Also, the depth of each closed siphon 4, 5, and 10 is 
preferably set to 1/4 or more of the main groove depth. In 
other words, if the main groove depth is less than H r the 
rigidity of the small blocks can be sufficiently lowered, and a 

sufficient exertion of the . w^et..r„esistance.._and.J:he^mar 

resistance can "be . s^ure~d." _ 

Figure 2(b) is a graph showing the --relat-ionship-between:: the- 
siphon depth and the wet resistance, assuming the brake distance 
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of the tire without a siphon as index 100, and the brake 
distance is lengthened with the decrease of the index. In this 
graph, when the siphon depth is in a range of 1/4-1 times of the 
main groove depth, the improvement of the wet resistance is 
recognized. Also, in case the siphon depth is more than one 
time, the decrease of the block rigidity is distinct, and the 
wear resistance and the wet resistance are lowered. At the same 
time, chipping of the blocks is also easily generated. 
Furthermore, as the siphon depth is deepened, the degree of 
damage due to crunching of small stones of a belt for 
reinforcing the treads is increased. 

Then, the total length in the width direction of the tire 
of each fine groove part for forming each closed siphon 4, 5, 
and 10 is set to 1-8 times of the maximum length in the tire 
width direction of each block 3 and 9, so that a sufficient 
improvement of the wet resistance can be secured. In other 
words, when the total length is less than one time, the rigidity 
of the small blocks is too high, and when the total length is 
more than 8 times, the rigidity is to low, so that the wet 

resistance is lowered. Figure- 2 .(.a), is a .graph__sho.wing_._suc.h_a 

state, assuming that. „the brake distance_of_ the tilre~ wTE "Koi rE~ "a 

SiphOn aS indeX 100. r :v _- -=: 
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Figure 3 is a tread pattern diagram showing another 
application example of the present invention. Here, in a block 
type tread pattern, two closed siphons 14 and 15 with a 
polygonal shape, which are adjacent to each other in the 
peripheral direction of the tire and share one side, are formed 
in each block 13 of block columns positioning at both ends in 
the tire width direction, so that small blocks 16, 17, and 18 
are respectively divided at their inside and outside. Then, two 
closed siphons 20 and 21 with a polygonal shape being separated 
in the peripheral direction of the tire are formed in each block 
19 of the blodk columns positioning in the central part of the 
tire width direction, and small blocks 22, 23, and 24 are 
respectively formed at their inside and outside. 

Therefore, in this example, each block 25 of the block 
columns adjacent to the block columns of the central part is not 
divided into small block. 

According to the above-mentioned each application example, 
the siphons being formed in the blocks are closed siphons, so 
that the amount being deformed in the direction opposite to /4 
the rotating direction of jbhe _tire _can be _suf fjLciently. leveled, 
in the kicking-out " p art ' " o'f " "eac'fTs ma n " b^cjc~bei~^"~di"vi and""an 
appropriate rigidity and a^s--u€-f iciently- -high -tear -strength - of 
the small blocks can be generated. Thereby, the wet resistance 
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and the wear resistance of the tire can be maintained 
sufficiently high, and the bias wear and the chipping can be 
very effectively prevented. 

Also, similar effects can also be exerted in the case where 
the closed siphons are formed similarly to the above-mentioned 
case in a tire having a tread pattern including ribs and/or legs 
in addition to the blocks. 
(Comparative examples ) 

Next, the comparison tests of the wet resistance, wear 
resistance, bias wear resistance, and chipping resistance of the 
tire of the present invention and conventional tires are 
explained. 

Tire provided to tests: In a tire of TBR 11R24.5, as shown in 
the below, only the tread pattern was made different, and the 
other basic tire structure was the same. 

Conventional product A: Two kinds of tires having tread patterns 
without a siphon as shown in Figures 4(a) and (b) . 
Conventional product B: Two kinds of tires having tread patterns 
shown in Figures 5(a) and (b) in which the siphons were applied 
to each tread pattern. of the conventional product A by a 
co nven tional ^"method". ~~ "_"„".. " ~. 

Product -of the- invention : -Two --kinds -of -tires having tread - - : 
patterns s.hown in Figures 1 and 3 in which the siphons of the 
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present invention was applied to each tread pattern of the 
conventional product A. 

Also, for both of the conventional product B and the 
product of the invention, the siphon width was set to 0 mm, and 
the siphon depth was 13 mm (the main groove depth was 16.5 mm). 
Testing conditions: 

Wet resistance: The tire was mounted on a drive axle of a 
flat body t v ruck under a normal internal pressure and a normal 
load and braked at a speed of. 60 km/h in a test course of a wet 
road surface with a water layer of about 1 mm. The wet 
resistance was evaluated by the brake distance at that time. 
Wear resistance, bias wear resistance, and chipping resistance: 

In US standard highways, the tire was mounted on the drive 
axle of a tractor head being run with a trailer under a normal 
internal pressure and a normal load and subjected to an actual 
vehicle test. 

The wear resistance was evaluated by the running distance 
until the tread life was ended. And the bias wear resistance was 
evaluated by the amount of heel and toe wear step difference 
being generated at the land part before and after the siphons 
_ after running. 100, 000" miles . _ Also, .".the .cMpping res ~i stance' was"" 
evaluated by the number of chipprng-being ea-sily-gene-ra-ted by -■- 
siphoning from a tire after running 100,000 miles. 
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Evaluation : 

The overall evaluation of two kinds of tires of the 
conventional product B was shown by the index 100: the larger 
the index, the more excellent the result- Also, both the 
indexes of the conventional product A and the product of the 
invention show the overall evaluation of two kinds of tires. 

The results of these comparison tests are shown in Table 

Table I 







1 


2 


3 


4 














5 
6 
7 


— 


80 
100 
100 


85 
100 
| 98 


100 
100 
180 


650 
ICO 
300 



1. Wet resistance (brake distance (m) ) 

2. Wear resistance 

3. Bias wear resistance (the amount of heel & toe step 
difference) 

4. Chipping resistance (the number of chipping) 

5. Conventional product A 

6. '"' Conventional product BJ" _ ~ ~ - 

7. Product of the invention- . - -~ ~~" 
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According to the tire of the present invention, it is apparent 
that the wet resistance and the wear resistance can be 
maintained sufficiently high and the bias wear resistance and 
the chipping resistance can be effectively improved. 
(Effects of the invention) 

Therefore, according to the present invention, with the 
adoption of the closed siphons as siphons being formed in the 
blocks, a pneumatic tire for a heavy load in which the bias wear 
resistance and the chipping resistance, the wet resistance and/5 
the wear resistance, which have an antinomic relation, are 
sufficiently met can be provided. 

4 . Brief explanation of the figures 

Figure 1 shows the tread pattern of the present invention. 

Figure 2 is a graph showing the influence of the closed 
siphons on the amount of bias wear and the wet resistance. 

Figure 3 is a tread pattern showing another application 
example of the present invention. 

Figures arid" '5'" lfespec^ive"ly~ sFfow " ^iT^¥^t"erh_sJ"^' 

conventional tires . -- — -■ 

3, 9, 13, 19 Blocks 
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4, 5, 10, 14, 15, 20, 21 Closed siphons 

6, 7, 8, 11, 12, 16, 17, 18, 22, 23, 24 Small blocks 

m i m 




Figure 1: 
3 Block 
-_4~. — Closed siphon- 

5 Closed siphon 

6 Small block 
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7 Small block 

8 Small block 

9 Block 

10 Closed siphon 

11 Small block 




Figure 2 : 
(a) 

1. Amount of heel & toe step difference 

2. Amount of bias wear 

3. Index 

4. Range where the siphon side walls contact with each other 
when grounding 

5. ~ Siphon width (ran) / " ~_ 

"(b) " • " " ~ *■' ' - 

1. Brake distance 
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Wet resistance 



Index 



4. Range where the improvement of the wet resistance by the 
siphons is recognized 

5. Siphon depth/main groove depth 
(C) 

1. Brake distance 

2. Wet resistance 

3. Index 

4. Range where the improvement of the wet resistance by the 
siphons is recognized 

5. Total length of the groove part/maximum length of the 
blocks 
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( a ) 




e 



% 4 m 

(b ) 
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(a ) 




Figure 5: 

1. R (rotating direction) 

2. Step difference 

3. A-A cross section 
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